INTRODUCTION {#sec1-1}
============

Epidemiological changes have been observed in the prevalence of hypertension (HTN) and associated cardiovascular disease (CVD) risk factors in developing countries.\[[@ref1][@ref2]\] HTN is a chronic condition of concern because of its role in the causation of coronary heart disease (CHD), stroke, and other vascular complications. It is the most common CVD disorder which poses a major public health challenge to a population undergoing socioeconomic evolution. It is one of the major risk factors for CVD mortality, accounting for 20-50% of all deaths.\[[@ref3]\] The overall burden of blood pressure--related diseases is rapidly rising in countries such as India and China as a consequence of the aging population, increasing urbanization, and an increase in age-specific rates of conditions such as stroke.\[[@ref4][@ref5]\]

In India, community surveys have documented that in the last three to six decades, the prevalence of HTN has increased about 30 times among the urban dwellers and about 10 times in the rural communities.\[[@ref6]\] The prevalence of HTN differs between urban and rural communities, being higher in urban areas.\[[@ref7][@ref8]\]

Data available on the prevalence of CVD risk factors in Madhya Pradesh (MP), a state in Central India, is scarce. A Non-Communicable Diseases (NCD) risk factors survey\[[@ref9]\] conducted by the Integrated Disease Surveillance Project (IDSP) in a few states in India documented a high prevalence of HTN in MP. However, at the district level, no data is available on the prevalence of risk factors. Even today, studies that give a comparative picture of CVD risk factors in urban and rural communities in India are rare. In the light of the foregoing, the present study was undertaken to study the prevalence of HTN and its associated factors in urban and rural populations of Central India.

MATERIALS AND METHODS {#sec1-2}
=====================

A community-based comparative cross-sectional study was conducted in the urban and rural populations of Jabalpur district of Central India to assess the prevalence of HTN and associated CVD risk factors in adults aged 20 years and above. Pooled epidemiological studies have documented the average prevalence of HTN in India as 25% in urban areas and 10% in rural areas.\[[@ref7]\] Assuming the similar prevalence levels with absolute precision of 5% and 2.5%, sample sizes of 315 and 624 were calculated for urban and rural areas, respectively. The sample size was calculated using the formula *n* = 4(*pq/L*^2^), where *P* = assumed prevalence of HTN, *q* = 1 − *p*, and *L* = absolute precision.\[[@ref10]\] Thus, a total of 939 individuals were included in the study. A total of 48 villages and 15 urban wards of Jabalpur District were selected utilizing population proportional to size (PPS) sampling methodology. In the villages and wards, households and Individuals were selected by simple random sampling. The three components of the study were (a) questionnaire-based survey for behavioral risk factors, (b) anthropometric measurements, and (c) biochemical measurements.

Ethical clearance was obtained from the Institutional Ethics Committee of Netaji Subhash Chandra Bose Medical College, Jabalpur. Informed consent was obtained for the questionnaire-based interview and anthropometric measurements, while written consent was taken for the collection of blood samples. All patients newly diagnosed with HTN, diabetes, and dyslipidemia were referred to the in-house physician for further investigation.

A pretested questionnaire was used to collect data on socio-demographic and behavioral risk factors. Tobacco consumption was assessed using questions on self-reported duration, frequency, and quantity consumed. Individuals were classified as ex-smoker, current smoker, and consumer of smokeless tobacco product. Self-reported alcohol intake data was also collected and subjects were classified as present and past consumer. Data on physical activity, per capita salt estimation, fruit and vegetable intake was collected using a questionnaire-based interview method.

Weight was measured in the upright position to the nearest 0.1 kg using pre-calibrated electronic weighing scale. Height was measured without shoes to the nearest 0.1 cm using calibrated stadiometer. Body mass index (BMI) was calculated by dividing the observed weight by height squared (kg/m^2^). Waist circumference (WC) was measured to the nearest 0.1 cm at the narrowest point between the lower end of the rib cage and the iliac crest. Hip circumference (HC) was measured to the nearest 0.1 cm at the greatest horizontal circumference below the iliac crest, at the level of greater trochanter. Blood pressure (BP) was measured from the right arm after the subject had been sitting for at least 5 min using digital automatic blood pressure apparatus (Omron HEM-7080, Omron Corporation, Kyoto, Japan). Three readings were taken 10 min apart, and the final reading was the average of the two closest readings.

Five milliliters of blood was collected from antecubital vein in two test tubes 10 h after overnight fasting. Blood sample for plasma glucose was collected in the test tube containing heparin sodium fluoride. Plasma glucose and total cholesterol were measured using an auto-analyzer. The glucose oxidase--peroxidase method and cholesterol oxidase--cholesterol peroxidase method were used to measure plasma glucose and serum cholesterol, respectively, in the Central Laboratory of Pathology Department, Netaji Subhash Chandra Bose Medical College and Hospital.

Definitions utilized for the various variables are as follows:

Socioeconomic status (SES): Defined as per modified Prasad\'s classification\[[@ref11]\]Current smoker: A person who has smoked at least 100 cigarettes in his lifetime and has continued to smoke every day or some days in the last 30 daysEx-smoker or former smoker: Defined as a person who has smoked more than a 100 cigarettes in his lifetime and who has not smoked for the last 12 months\[[@ref12]\]Tobacco chewing: Defined as a person who has consumed smokeless tobacco once a day or nearly every day in any form for the last 12 monthsAlcohol use: Present consumer was defined as a person who has consumed alcohol everyday or some days in the last 30 days. Past consumer was defined as a person who used to consume alcohol but stopped taking alcohol 12 months agoEstimated per capita salt consumption was quantified by 24-h dietary recall method for three consecutive days and an average was calculated\[[@ref13]\]Type of diet was categorized as vegetarian and nonvegetarianFruit and vegetable intake was classified according to the number of servings per week.\[[@ref14]\]Physical activity: Physical activity levels were classified into four categories: Sedentary = sedentary work (sitting jobs, working at a desk, computer) and at home (watching television, reading, or sitting) with no exercise (no leisure time physical activity); mild = mild activity at work (standing jobs or jobs involving walking a short distance) and at home (cooking and cleaning house) with no exercise; moderate = moderate activity at work (agricultural work, walking long distances, climbing more than 20 stairs in a day) and at home (gardening) with non-vigorous exercise (walking, yoga during leisure time) at least three times a week; and strenuous = strenuous activity at work (job involving manual labor) and at home (lifting heavy weights) with vigorous exercise (weight lifting, jogging, running as leisure time activity) at least three times a weekBMI classification: Subjects were classified using the World Health Organization (WHO) classification and the classification recently recommended for Asians.\[[@ref15]\]Central obesity was defined as waist--hip ratio (WHR) \>0.85 for females and \>0.90 for males\[[@ref16]\]WC was divided into category I \[WC \<80 cm (female) and WC \<90 cm (male)\], category II \[WC = 80-89 cm (female) and WC = 90-99 cm (male)\], and category III \[WC \>90 cm (female) and WC \>100 cm (male)\]HTN: Defined as systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥90 mmHg as per the WHO criteria or having a history of previously known disease. Pre-HTN was defined as SBP between 120 and 139 mmHg or DBP between 80 and 89 mmHg\[[@ref17]\]Type 2 diabetes mellitus: Diagnosed either by history of previously known disease or fasting plasma glucose ≥126 mg/dl, and impaired fasting glucose (pre-diabetes) was defined as fasting plasma glucose between 100 and 125 mg/dl\[[@ref18]\]Hypercholesterolemia: Defined as total fasting cholesterol level ≥200 mg/dl according to USA - Adult Treatment Panel (ATP) III guidelines\[[@ref19]\]

Data collection was done by trained field investigators and data of completed forms was entered on the same day in order to maintain the quality. All the instruments were calibrated each day before the field work. After data collection, relevant statistical analysis was done using SPSS 17.0, and various statistical tests, e.g. Pearson\'s Chi-square test and *t*-test, were used for bivariate analysis. Multiple logistic regression (MLR) was used for all variables which were found significant during bivariate analysis.

RESULTS {#sec1-3}
=======

Of the total of 939 individuals invited to participate, 28 refused to give their consent for participation in the study. Hence, the remaining 911 (309 from urban areas and 602 from rural areas) subjects were included in the final survey. The overall response rate was 97.02% (98.1% in urban areas and 96.5% in rural areas). Also, 47.6% of the subjects in the urban areas were females and males made up 54.8% of the subjects in the rural areas. The mean age of male and female subjects from urban areas was 38.64 ± 13.53 and 38.75 ± 14.47 years, respectively, and in rural areas, it was 39.64 ± 14.04 and 38.85 ± 14.04 years, respectively.

A comparative socio-demographic profile of individuals in the urban and rural populations is shown in [Table 1](#T1){ref-type="table"}. A significant difference was seen in the socio-demographic features such as caste, religion, educational status, occupation, family type, total number of family members, and SES in urban and rural communities. There was a significant difference between the socio-demographic profiles of individuals from the urban and rural communities.

###### 

Area wise socio-demographic profile of study subjects

![](JFCM-21-29-g001)

[Table 2](#T2){ref-type="table"} shows the distribution of CVD risk factors in both the communities. In the urban population, a significantly higher proportion of HTN, parental history of HTN, nonvegetarian meals ≥1 per week, physical inactivity, category III of WC, high WHR (central obesity), BMI ≥23 kg/m^2^, diabetes, and hypercholesterolemia were observed. However, in the rural population, there was a significantly high proportion of low fruit intake (≤1 per week), the estimated per capita salt consumption of \>10 g/day, and tobacco smoking. There was an insignificant difference in the proportion of vegetable intake, alcohol and smokeless tobacco consumption. As shown in [Table 3](#T3){ref-type="table"}, significantly higher mean values of weight, BMI, WC, HC, WHR, SBP, fasting blood sugar (FBS), and serum cholesterol were observed in urban dwellers than in the rural subjects. An insignificantly higher mean value of DBP was recorded in the urban subjects.

###### 

Area wise prevalence of hypertension and other cardiovascular risk factors
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###### 

Mean and standard deviation for various cardiovascular disease risk factors in the study population as per area of residence

![](JFCM-21-29-g003)

Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} show the results of bivariate analysis, while [Table 6](#T6){ref-type="table"} shows the results of MLR to detect the association of HTN with socio-demographic profiles and other CVD risk factors in urban and rural areas.

###### 

Unadjusted odds ratios of getting hypertensive for various socio-demographic determinants (bivariate analysis)
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###### 

Unadjusted odds ratios of getting hypertensive for various risk factors (bivariate analysis)
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###### 

Odds ratios of getting hypertensive for various risk factors (multivariate logistic regression)

![](JFCM-21-29-g006)

All the covariates of bivariate analysis have been incorporated in the multivariate forward step-wise conditional logistic regression analysis using the inclusion criterion of *P* value 0.05 or less.

In the urban population, with the help of bivariate analysis, increasing age, marital status (unmarried and widowed), educational status (middle school, high school, intermediate, and post high school diploma), joint family, history of HTN in both parents, use of groundnut oil in cooking, high estimated per capita salt consumption, tobacco smoking, tobacco chewing, physical inactivity (sedentary and mild), being overweight (\>23 kg/m^2^), central obesity, high WC, diabetes, and hypercholesterolemia were found to be significantly associated with HTN. However, analysis by multivariate logistic regression showed increasing age, parental history of HTN in both parents, high estimated per capita salt consumption, tobacco smoking, tobacco chewing, sedentary and mild physical activity, and BMI ≥27.5 kg/m^2^ to be significantly associated with HTN.

In the rural subjects, bivariate analysis showed increasing age, caste (general), religion (Sikh), marital status (unmarried and widowed), educational status (primary school and middle school), family members ≤2, history of HTN in both parents, tobacco smoking, tobacco chewing, physical inactivity (sedentary), overweight (\>23 kg/m^2^), central obesity, high WC, diabetes, pre-diabetes, and hypercholesterolemia to be significantly associated with HTN, and multivariate logistic regression identified increasing age, tobacco smoking, tobacco chewing, sedentary physical activity, and central obesity to be significantly associated with HTN.

DISCUSSION {#sec1-4}
==========

It was found in the study that HTN and almost all risk factors except for alcohol consumption, tobacco chewing, and vegetable intake were more prevalent in the urban population.

The overall prevalence of HTN in the present study was 17.1% with 21.4% in urban and 14.8% in rural residents, while a study conducted at Moradabad District, India by Singh *et al*.\[[@ref20]\] found the prevalence of HTN as 24% and 17% in urban and rural areas, respectively. IDSP-NCD risk factor survey\[[@ref9]\] had shown 24% prevalence of HTN in MP, with a prevalence of 27% in urban areas and 23% in rural areas. A study carried out in 2005 in different parts of India revealed a dramatic rise in the prevalence of HTN in both urban and rural communities.\[[@ref6]\]

The prevalence of normotensive, pre-HTN, stage-I and stage-II HTN was found in the present study to be 62.5%, 20.5%, 10.9%, and 6.1%, respectively, while the IDSP-NCD risk factor survey 2007-2008\[[@ref9]\] reported the prevalence as 32.6% for normotensive, 46.2% for pre-hypertensive, 16.1% for stage-I, and 5% for stage-II HTN in MP. The significantly higher proportion of HTN among urban residents that was found in the present study is also supported by other studies.\[[@ref7][@ref8][@ref21][@ref22]\]

Similarly, high prevalence of physical inactivity, abdominal obesity, high WHR, BMI, diabetes, and hypercholesterolemia has been observed in urban populations compared to rural populations in many other studies.\[[@ref8][@ref9][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27]\]

Also, we found that a higher number of people consumed alcohol in the rural areas (26.7%) as compared to the number in urban areas (21.7%). While contrary results were reported by Ebrahim *et al*.,\[[@ref21]\] the study by Kumar *et al*. showed no dissimilarity.\[[@ref8]\] Significantly higher prevalence of tobacco smoking was found in rural subjects (24.9%) as compared to urban subjects (9.7%) in the present study, similar to that reported by other studies.\[[@ref8][@ref21][@ref28]\] There was not much difference in the prevalence of tobacco chewing in urban (43.7%) and rural (42.7%) areas, though a study in North India\[[@ref28]\] had shown a significantly higher prevalence in urban compared to rural communities (12% vs. 6.8%).

Significantly higher mean values of weight, BMI, WC, HC, WHR, SBP, FBS, and serum cholesterol were seen in the urban community than in the rural subjects. Mean values of DBP was insignificantly higher among urban subjects. Similar results were obtained in many studies except that they also reported significantly higher values of DBP in the urban subjects.\[[@ref21][@ref26][@ref27][@ref29][@ref30]\]

Compared to other studies, the present study also found that the prevalence of HTN was significantly associated with increasing age,\[[@ref9][@ref22][@ref23][@ref24][@ref31][@ref32][@ref33]\] caste,\[[@ref23]\] religion,\[[@ref23]\] family type,\[[@ref22]\] marital status, and education, while an insignificant association with gender, occupation,\[[@ref9]\] and SES\[[@ref22]\] was also observed. In the IDSP-NCD risk factor survey in 2007-2008,\[[@ref9]\] increased prevalence of HTN was seen with advancing age, while no significant urban and rural variation was observed with education and occupation. In the rural survey reported by National Nutrition Monitoring Bureau (NNMB) 2006,\[[@ref23]\] a significant association was observed with religion, caste, per capita income, and family size. Badaruddoza *et al*.\[[@ref33]\] found significant differences in terms of age, religion, current job status, occupation, and SES in the urban population of Punjab when compared to the rural population. Vimala *et al*.\[[@ref34]\] reported an insignificant association of educational standard with HTN. In a study carried out in the urban and rural areas of North Indian districts, Midha *et al*.\[[@ref22]\] found age and family type to be significantly associated with the prevalence of isolated systolic HTN while an insignificant association was observed with the area of residence, religion, marital status, and socioeconomic class.

Similar to other studies, parental history of HTN was found to be significantly associated with high BP.\[[@ref35][@ref36][@ref37]\] Rodger *et al*.\[[@ref38]\] and Vimala *et al*.\[[@ref34]\] found high consumption of salt to be significantly associated with HTN, as was found in the present study. Tobacco consumption either by smoking or chewing was found to be significantly associated with HTN. This was also revealed in the rural survey report by NNMB 2006\[[@ref23]\] and two other studies.\[[@ref38][@ref39]\] Alcohol consumption was not found to be significantly associated with high BP.

HTN was also seen to be significantly associated with physical inactivity, as seen in other studies.\[[@ref23]--[@ref24][@ref36][@ref38]\] Similar to the findings of the present study, Gupta *et al*.\[[@ref40]\] and other studies\[[@ref23]--[@ref24][@ref32]\] found overweight and central obesity to be significantly associated with HTN. Biochemical markers such as increased fasting glucose levels and serum cholesterol levels were also observed to be significantly associated with high BP, as reported in other studies.\[[@ref20][@ref34][@ref41]\]

Multivariate logistic regression analysis identified increasing age, parental history of HTN, tobacco smoking, tobacco chewing, physical inactivity, high estimated per capita salt consumption, and BMI ≥27.5 kg/m^2^ as the risk factors for HTN in the urban population, while increasing age, physical inactivity, high WHR, tobacco chewing, and tobacco smoking were the risk factors for HTN in the rural population. Yadav *et al*.\[[@ref42]\] reported increasing age, BMI, WHR, and high FBS as the risk factors significantly associated with HTN by MLR analysis in an affluent North Indian population. Thankappan *et al*.\[[@ref7]\] found higher odds of HTN with advancing age, alcohol use, and low physical activity, while lower odds were observed with tobacco use and female gender in a community-based study at Kerala. Subburam *et al*.\[[@ref36]\] found that in bivariate analysis, many of the independent variables correlated with HTN, but in multivariate analysis, using multiple logistic regression only, BMI, family history, and age remained significantly associated. Similarly, Manimunda *et al*.\[[@ref32]\] reported that age and BMI were significantly associated using MLR analysis in the Nicobar tribe. In a study conducted by Todkar *et al*.\[[@ref35]\] in the rural population of Maharashtra, multiple logistic regression analysis identified increasing age, sex, BMI, high estimated per capita salt consumption, smoking, and high FBS to be the risk factors significantly associated with HTN. Midha *et al*.\[[@ref22]\] found in multivariate logistic regression that age, gender, physical activity, and WC were significantly associated with HTN in the rural areas of North Indian districts.

Though studies conducted in the last few years suggest rising trends of CVD risk factors in rural areas, the picture in states like MP, with the lowest level of urbanization is dissimilar. Reddy *et al*.\[[@ref43]\] indicated the growing vulnerability of lower socioeconomic groups to cardiovascular risk factors, mentioning reversal of social gradient (the presence of a graded inverse relationship of SES with CVD risk factors). The disparate results from diverse locations in India indicate that the different regions of India are in different stages of epidemiological development.

CONCLUSIONS {#sec1-5}
===========

This study documents a high burden of HTN and other CVD risk factors in Central India. Despite the higher prevalence of almost all factors in urban areas, rural areas are also not far behind. This suggests that there should be public health remedial measures to address growing trends of CVD risk factors in both communities through Information, Education, and Communication (IEC) or Behavior Change Communication (BCC) activities about weight reduction, restriction of tobacco smoking and chewing, increase in physical activity, salt restriction, proper screening of BP, blood sugar and serum cholesterol levels, as well as increase in the intake of fruits and vegetables. Utilization of this information, especially by stakeholders and policy makers in the regional health sector, can avert a problematic health situation. In a milieu of a health system with limited resources such as those obtained in India, a better approach might be to focus jointly on population risk factor modification together with screening and evidence-based treatment.
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